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DEGRADABLE POLYACETAL POLYMERS 

5 

BACKGROUND TO THE INVENTION 

FIELD OF THE INVENTION 

This invention relates to degradable polyacetal polymers and therapeutic agents 
derived therefrom, the production of these materials, and methods of disease treatment using 
10 them. 

DESCRIPTION OF THE RELATED ART 

Polymer therapeutics (R. Duncan, "Polymer therapeutics for tumor specific delivery", 
Chem. &Ind.* 7, 262-264, 1997) are developed for biomedical applications requiring 
physiologically soluble polymers; and include biologically active polymers, polymer-drug 

15 conjugates, polymer-protein conjugates, and other covalent constructs of bioactive molecules. 
An exemplary class of a polymer-drug conjugate is derived from copolymers of 
hydroxypropyl methacrylamide (HPMA), which have been extensively studied for the 
conjugation of cytotoxic drugs for cancer chemotherapy (R. Duncan, "Drug-polymer 
conjugates: potential for improved chemotherapy", Anti-Cancer Drugs, 3, 175-210, 1992; D. 

20 Putnam et al., "Polymer conjugates with anticancer activity", Adv. Polym. ScL, 122, 55-123, 
1995; R. Duncan et al., "The role of polymer conjugates in the diagnosis and treatment of 
cancer", STP Pharma, 6,_237-263, 1996). An HPMA copolymer conjugated to doxorubicin, 
known as PK-1, is currently in Phase II evaluation in the UK. PK-1 displayed reduced 
toxicity compared to free doxorubicin in the Phase I studies (P. Vasey et al., "Phase I clinical 

25 and pharmacokinetic study of PKI (HPMA copolymer doxorubicin): first member of a new 
class of chemotherapeutic agents: drug-polymer conjugates" Clin. Cancer Res., 5, 83-94. 
1999). The maximum tolerated dose of PK-1 was 320 mg/m 2 , which is 4-5 times higher than 
the usual clinical dose of free doxorubicin. . 



The polymers used to develop polymer therapeutics may also be separately developed 
30 for other biomedical applications that require the polymer be used as a material. Thus, drug 
release matrices (including microparticles and nanoparticles), hydrogels (including injectable 
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gels and viscous solutions) and hybrid systems (e.g. liposomes with conjugated polyethylene 
glycol) on the outer surface) and devices (including rods, pellets, capsules, films, gels) can be 
fabricated for tissue or site specific drug delivery. Polymers are also clinically widely used as 
excipients in drug formulation. Within these three broad application areas: (1) physiologically 
5 soluble molecules, (2) materials, and (3) excipients, biomedical polymers provide a broad 
technology platform for optimizing the efScacy of an active therapeutic drug. 

An increasing number of physiologically soluble polymers have been used as 
macromolecular partners for the conjugation of bioactive molecules. Many polymers have the 
disadvantage of being non-degradable in the polymer backbone. For example, polyethylene 

1 0 glycol) (C. Monfardini et al., "Stabilization of substances in circulation", Bioconjugate 
Chem., 9, 418-450, 1998; S. Zalipsky, "Chemistry of polyethylene glycol conjugates with 
biologically active molecules", Adv. Drug Delivery Rev, 16,_157-182, 1995; C. Delgado et 
al., "The uses and properties of PEG-liked proteins", Crit. Rev. Ther. Drug Carrier Syst., B, 
249-304, 1992; MX. Nucci et al., "The therapeutic values of polyethylene glycol)-modified 

1 5 proteins", Adv. Drug Delivery Rev. 6, 133-151, 1991; A. Nathan et al., Copolymers of lysine 
and polyethylene glycol: A new family of functionalized drug carriers", Bioconjugate Chem. 
4, 54-62, 1 993) and HPMA (D. Putnam et al., "Polymer conjugates with anticancer activity", 
Adv. Polym. Sci., 122, 55-123, 1995; and R. Duncan et al., "The role of polymer conjugates 
in the diagnosis and treatment of cancer", STP Pharma. 6, 237-263, 1996) copolymers have 
20 been extensively studied for conjugation. PEG is also generally used in the pharmaceutical 
industry as a formulation excipient. These hydrophilic polymers are soluble in physiological 
media, but their main disadvantage is that the polymer mainchain does not degrade in vivo. 
Thus it is not possible to prohibit accumulation of these polymers in the body. Only polymers 
with a molecular weight lower than the renal threshold can be used for systemic 
25 administration. It is imperative that for the systemic use of non-degradable polymers such as 
HPMA and PEG only molecules of a molecular weight which are readily cleared be 
administered or else long-term deleterious accumulation in healthy tissue will invariably 
result (L. Seymour et al., "Effect of molecular weight (Mw) of 

N-(2-hydroxypropyl)methacrylamide copolymers on body distributions and rate of excretion 
30 after subcutaneous, intraperitoneal and intravenous administration to rats", J. Biomed. Mater. 
Res. 21, 341-1358, 1987; P. Schneider et al., "A review of drug-induced lysosomal disorders 
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of the liver in man and laboratory animals", Microscopy Res. Tech. 36, 253-275, 1997; C. 
Hall et aL, "Experimental hypertension elicited by injections of methyl cellulose", 
Experientia 17, 544-454, 1961; C. Hall et aL, "Macromolecular hypertension: hypertensive 
cardiovascular disease from subcutaneously administered polyvinyl alcohol", Experientia 18, 
5 38-40, 1962). 

Although some natural polymers such as polysaccharides have the advantage of being 
degradable in vivo, e.g. dextran, they typically lack a strict structural uniformity and have the 
propensity upon chemical modification (i.e. conjugation of abioactive molecule) to become 
immunogenic or non-degradable (J. Vercauteren et aL, "Effect of the chemical modification 

1 0 of dextran on the degradation by dextranases", J. Bio. Comp. Polymers 5, 4-15, 1990; W. 
Shalaby et aL, "Chemical modification of proteins and polysaccharides and its effect on 
enzyme-catalyzed degradation", in: S. Shalaby, ed. Biomedical Polymers. Designed-to- 
degrade systems. New York: Hanser Publishers, 1994). Other polysaccharides which have 
been investigated for biomedical conjugation applications include chitosan (Y. Ohya et aL, 

1 5 "a-l,4-Polygalactosamine immobilised 5-fluorouracils through hexamethylene spacer groups 
via urea bonds", J. Cont. ReL, 17, 259-266, 1991), alginate (A. Al-Shamkhani et aL, 
"Synthesis, controlled release properties and antitumor activity of alginate cis-aconityl 
daunomycin conjugates", Int. J. Pharm., Ill, 107-1 19, 1995; S. Morgan et aL, "Alginates as 
drug carriers: covalent attachment of alginates to therapeutic agents containing primary 

20 amine groups", Int. J. Pharm., Ill, 121-128, 1995), hyaluronic acid (B. Schechter et aL, 
"Soluble polymers as carriers of cisplatinum", /. Cont. ReL, 10, 75-87, 1989), 6-0- 
carboxymethyl chitan (Y. Ohya et aL, " In vivo and in vitro antitumor activity of CM-Chitin 
immobilized doxorubicins by lysosomal digestible tetrapeptide spacer groups", J. Bioact. 
Compat. Polymers, 10, 223-234, 1995) and 6-O-carboxymethyl pullulan (H. Nogusa et aL, 

25 "Synthesis of carboxymethylpullulan peptide doxorubicin conjugates and their properties", 
Chem. Pharm. Bull., 43, 1931-1936, 1995). 

Other natural polymers such as proteins can also be used to conjugate a bioactive 
molecule. For example albumin has been investigated as a protein used to conjugate a 
bioactive molecule (P. Balboni et aL, "Activity of albumin conjugates of 5- 
30 fluorodeoxyuridine and cytosine arabinoside on poxviruses as a lysosomotropic antiviral 
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chemotherapy", Nature, 264, 181-183, 1976; A. Trouet et al., "A covalent linkage between 
daunorubicin and proteins that is stable in serum and reversible by lysosomal hydrolases as 
required for a lysosomotropic drug-carrier conjugate. In vitro and in vivo studies", Proc. 
Natl. Acad. Sci. USA, 79, 626-629, 1982; F. Dosio et al., "Preparation, characterization and 
properties in vitro and in vivo of a paclitaxel-albumin conjugate", /. Cont. Rel, 47(3), 293- 
304,1997; T. Yasuzawa etal, "Structural determination of the conjugate of human serum 
albumin with a mitomycin C derivative, KW-2149, by matrix assisted laser 
desorption/ionization mass spectrometry", Bioconjugate Chem., 8, 391-399, 1997; A. 
Wunder et al., "Antitumor activity of memotrexate-albvunin conjugates in rats bearing a 
Walker-256 carcinoma", Int. J. Cancer, 76, 884-890, 1998). The major limitations for using a 
protein to conjugate a bioactive compound include the propensity for inducing 
immunogenicity and non-specific degradation of the protein in vivo, and denaturation and 
irreversible alteration of the protein during preparation of the conjugate. Other proteins such 
as transferrin, which binds to the transferrin receptor and thus have the potential to undergo 
receptor-mediated uptake (T. Tanaka et al., "Intracellular disposition and cytotoxicity of 
transferrin-mitomycin C conjugate in HL60 cells as a receptor-mediated drug targeting 
system", Biol Pharm. Bull., 21(2), 147-152, 1998) and various immuno-conjugates (D. Gaal 
et al., "Low toxicity and high antitumor activity of daunomycin by conjugation to an 
immunopotential amphoteric branched polypeptide", Eur. J. Cancer, 34(1), 155-16, 1998; P. 
Trail et al., "Site-directed delivery of anthracyclines for the treatment of cancer", Drug Dev. 
Res. 34, 196-209, 1995; E. Eno-Amooquaye et al., "Altered biodistribution of an antibody- 
enzyme conjugate modified with polyethylene glycol", Br. J. Cancer, 73, 1323-1327, 1996; 
P. Flanagan et al., "Evaluation of antibody-|N-(2-hydroxypropyl)memacrylamide] copolymer 
conjugates as targetable drug-carriers. 2. Body distribution of anti Thy-1,2 antibody, anti- 
transferrin receptor antibody B3/25 and transferrin conjugates in DBA2 mice and activity of 
conjugates containing daunomycin against L1210 leukemia in vivo", J. Cont. Rel., 18, 25-38, 
1992; C. Springer et al., "Ablation of human choriocarcinoma xenografts in nude mice by 
antibody-directed enzyme prodrug therapy (ADEPT) with three novel compounds", Eur. J. 
Cancer, 11, 1362-1366, 1991.) also have been investigated. Monodisperse molecular weight 
distribution is often claimed to be a significant advantage for using proteins to conjugate 
drugs, but this can only be useful if a single species of the protein-drug conjugate can be 
reproducibly prepared on adequate scale which stable on storage. This is generally not 
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economically or technologically possible to achieve in practice. Thus, there is a need for 
degradable synthetic polymers developed for biomedical application, and specifically for 
conjugation applications, which can address the limitations inherent in the use of natural 
polymers for these applications. 

5 Synthetic polymers which have been prepared and studied that are potentially 

degradable include polymers derived from amino acids (e.g. poly(glutamic acid) , poly[ 5 N-(2- 
hydroxyethyl)-L-glutamine), P-poly(2-hydroxyethyl aspartamide), poly(L-glutamic acid) and 
polylysine). These polymers when prepared for conjugation applications that require 
physiological solubility do not degrade in vivo to any extent within a time period of 10-100 

10 hours. Additionally polymers and copolymers including pseudo-poly(amino acids) (K. James 
et al., c Tseudo-poly(amino acid)s: Examples for synthetic materials derived from natural 
metabolites", in: K. Park, ed., Controlled Drug Delivery: Challenges and Strategies, 
Washington, DC: American Chemical Society, 389-403, 1997) and polyesters such as 
copolymers of polylactic and poly(glycolic acid), poly(a or b-malic acid) (K. Abdellaoui et 

1 5 al., "Metabolite-derived artificial polymers designed for drug targeting, cell penetration and 
bioresorption", Eur. J. Pharm. Scl, 6, 61-73, 1998; T. Ouchi et al., "Synthesis and antitumor 
activity of conjugates of poly (a-malic acid) and 5-fluorouracil bound via ester, amide or 
carbamoyl bonds", J. Cont. Rel, 12, 143-153, 1990), and block copolymers such as PEG- 
lysine (A. Nathan et al., "Copolymers of lysine and polyethylene glycol: A new family of 

20 functionalized drug carriers", Bioconjugate Chem., 4, 54-62, 1993.), poly(lysine citramide) 
(K. Abdellaoui et al, "Metabolite-derived artificial polymers designed for drug targeting, cell 
penetration and bioresorption", Eur. J. Pharm. Set, 6, 61-73, 1998) and amino acid-PEG 
derived block copolymers (G. Kwon et al., Block copolymer micelles as long-circulating 
drug vehicles", Adv. Drug Del Rev., 16, 295-309, 1995; and V. Alakhov et al, "Block 

25 copolymeric biotransport carriers as versatile vehicles for drug delivery", Exp. Opin. Invest. 
Drugs, 7(9), 1453-1473, 1998) have also been investigated for conjugation. 

Acetals are well known to be hydrolytically labile under mildly acidic conditions. 
Thus, biomedical polymers possessing acetal linkages in the polymer mainchain may undergo 
enhanced rates of hydrolysis in biological environments that are mildly acidic compared to 
30 biological environments that are at neutral or basic pH. For example, soluble polyacetals that 
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can conjugate a bioactive molecule are expected to degrade at enhanced rates at the acetal 
functionality during cellular uptake because of the increase in acidity during endocytosis. 
Polyacetals will also display enhanced rates of hydrolysis in acidic regions of the 
gastrointestinal tract. Additionally polyacetals would be expected to degrade at enhanced 
5 rates at sites of diseased tissue that are mildly acidic (e.g. solid tumors). 

Preparing polyacetals can be accomplished by acetal- or transacetalization reactions 
which result in the formation of a low molecular weight by-product (e.g. water or an alcohol). 
Complete removal of such a by-product is necessary for reproducible polymerization and to 
ensure the polyacetal does not degrade on storage. Usually harsh conditions are required to 

1 0 obtain high molecular weight polymer. If functionalized monomers relevant for biomedical 
applications are used, such conditions can often lead to unspecified chemical changes in the 
monomer. Polyacetals can be prepared without generation of a small molecule which requires 
removal by cationic ring-opening polymerization using bicyclic acetals (L. Torres et al., "A 
new polymerization system for bicyclic acetals: Toward the controlled/"living" cationic ring- 

1 5 opening polymerization of 6,8-dioxabicyclo[3 .2. 1 ] octane", Macromolecules, 32, 6958-6962, 
1999). These reaction conditions lack versatility because they require bicyclic acetal 
monomers that are difficult to prepare with a wide range of chemical functionality useful for 
conjugation applications. 

Polyacetals can also be prepared without generation of a small molecule byproduct 
20 that requires removal by the reaction of diols and di-vinyl ethers using an acid catalyst, as 
described by Heller (J. Heller et al., "Preparation of polyacetals by the reaction of divinyl 
ethers and polyols", J. Polym. Sci: Polym. Lett. Ed. y 18, 293-297, 1980; J. Heller et al., 
"Polyacetal hydrogels formed from divinyl ethers and polyols", US Patent No. 4,713,441, 
1987). Such polyacetals have uniform structure in that they are strictly alternating polymers 
25 of the A-B type. Uniform structure in biomedical polymer development is critical for 
optimization of the biological profile and to ensure the polymer meet regulatory 
requirements. The polymerization of diols and di-vinyl ethers occurs without the elimination 
of a small molecule under mild conditions. This is more efficient than polymerizations where 
there is a molecule (e.g. water or methanol) which must be removed. Polyacetals suitable for 
30 conjugation can be prepared by utilization of suitably functionalizedf diols, di-vinyl ethers, 
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and/or hydroxy-vinyl ether monomers. Thus it becomes possible to prepare polyacetals for 
conjugation that possess conjugation functionality on either the A or B monomelic unit. Such 
structural uniformity is advantageous for controlling conjugation of bioactive molecules 
along the polymer mainchain. 

5 The production of biodegradable polyacetals derived from polysaccharides which 

chemically has been described in WO 96/32419. This approach does not give polymeric 
materials displaying structural uniformity and suffers from the aforementioned limitations 
where chemical modification (i.e. conjugation of a bioactive molecule) often leads to the 
polysaccharide to become immunogenic or non-degradable. It is not possible to prepare 
10 polymeric materials displaying an alternating A-B structure, rather the structure of these 
polysaccharide derived polyacetals are too diverse to chemically analyze to the degree 
necessary to fulfill regulatory requirements. 

The disclosures of these and other documents referred to throughout this application 
are incorporated herein by reference in their entirety. 

15 SUMMARY OF THE INVENTION 

The first aspect of the present invention relates to a class of new degradable polymers 
represented by Formula (I): 




0) 



20 wherein R and R 1 are independently selected from the group consisting of hydrogen, 

Cms alkyl, C 2 -i8 alkenyl, Cms alkynyl, C^xz aryl, Cms alkaryl and Cms aralkyl 
groups; 

X is a group capable of being covalently conjugated to a bioactive agent via apeptidic 
or a hydrolytically-labile bond; 

25 Y is a group selected from the group consisting of C1-200 alkanediyl, C2-200 alkenediyl, 

C2-200 alkynediyl, C 6 - 2 oo cycloalkanediyl, C 6 -20o cycloalkenediyl, C 6 . 2 oo 
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cycloalkynediyl, C^ioo arylenediyl, C<s-2oo alkarylenediyl, C6-200 aralkylenediyl groups, 
or any of the above groups wherein the carbon backbone is substituted with one or 
more oxygen atoms within the carbon backbone; and 

n is an integer of 2-10,000. 

5 Another aspect of the invention relates to a bioactive agent, preferably a drug, 

conjugated to a degradable polymer of Formula (I). 

Another aspect of the invention relates to the preparation of the new degradable 
polymers and new polymer therapeutics. 

A further aspect of the invention relates to a pharmaceutical composition comprising a 
1 0 therapeutically effective amount of a polymer-drug conjugate of the present invention in 
combination with one or more pharmaceutically acceptable carriers. 

A further aspect of the invention relates to the use of a polymer-drug conjugate of the 
present invention in the preparation of a medicament for the treatment of a disease such as 
cancer, 

1 5 A further aspect of the invention relates to a method of treatment for diseases such as 

cancer, comprising administering to a patient in need of such treatment a therapeutically 
effective amount of a polymer therapeutic of the present invention. 

Yet a further aspect of the present invention relates to prepolymers useful for the 
preparation of the degradable polymers. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a graph showing the superposition of gel permeation chromatography 
traces for polyacetal 3 dissolved in solution at pH 7 and at 37 °C over a period of 21 days. 

Figure 2 is a graph showing the superposition of gel permeation chromatography 
traces for polyacetal 3 dissolved in solution at pH 5.5 and at 37 °C over a period of 21 days. 

25 Figure 3 is a graph showing polyacetal 3 degradation shown as percent molecular 

weight loss at pH values of 7.4, 6.5 and 5.5 versus time. 
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Figure 4 is a graph showing red blood cell lysis assay of polyacetal 3. 

Figure 5 is a graph showing the cytotoxicity of polyacetal 3 using the B16F10 cell 

line. 

Figure 6 is a graph showing superimposed gel permeation chromatography (GPC) 
5 traces of polyacetal 22 from a phosphate buffer solution at pH 7.4 and a solution where the 
pH was adjusted to 1-2 by the addition of HC1. 

Figure 7 is a graph showing the degradation profile of polyacetal 22 at pH 7.4 and 5.5 
displaying the loss in molecular weight (Mw). 

Figure 8a is a graph showing red blood cell (RBC) lysis of polyacetal 22 and its 
10 degradation products over a 1 hour time period . No RBC lysis was observed in this assay for 
the polyacetal. 

Figure 8b is a graph showing red blood cell lysis of polyacetal 22 and its degradation 
products over a 5 hour time period. No RBC lysis was observed in this assay for the 
polyacetal. 

1 5 Figure 9 is a graph showing cytotoxicity of polyacetal 22 using the B 1 6F1 0 cell line. 

Polyacetal 22 does not display cytotoxicity in this assay. 

Figure 10 is a graph showing the labeling efficiency with 125 I labeled Bolton-Hunter 
reagent of polyacetal 22 to give conjugate polyacetal 23. This Figure shows the crude 
product. 

20 Figure 1 1 is a graph showing the labeling efficiency with 125 I labeled Bolton-Hunter 

reagent of polyacetal 22 to give conjugate polyacetal 23. This Figure shows the purified 
conjugate product. 

Figure 12 is a graph showing the body distribution of radiolabeled polyacetal 23 
conjugate at 5 min and 1 hour. This shows that the polyacetal conjugate remains in the blood 
25 without accumulating in the organs shown. 
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DETAILED DESCRIPTION OF THE INVENTION 
I. Definitions 

Terms used herein are based upon their recognized meanings and should be clearly 
understood by those skilled in the art. 

5 The term "alkyl" refers to a straight or branched saturated monovalent hydrocarbon 

radical having the number of carbon atoms as indicated. 

The term "alkenyl" refers to a straight or branched unsaturated monovalent 
hydrocarbon radical having the number of carbon atoms as indicated and the distinguishing 
feature of a carbon-carbon double bond. 

10 The term "alkynyl" refers to a straight or branched unsaturated monovalent 

hydrocarbon radical having the number of carbon atoms as indicated and the distinguishing 
feature of a carbon-carbon triple bond. 

The term "cycloalkyl" refers to a cyclic saturated monovalent hydrocarbon radical 
having the number of carbon atoms as indicated. 

1 5 The terms "cycloalkenyl" and "cycloalkynyl" refer to cyclic unsaturated monovalent 

hydrocarbon radicals. A "cycloalkenyl" is characterized by a carbon-carbon double bond and 
a "cycloalkynyl" is characterized by a carbon-carbon triple bond. 

The term "aryl" refers to a monovalent unsaturated aromatic carbocyclic radical 
having one or two rings, such as phenyl, naphthyl, indanyl or biphenyl, or to a monovalent 
20 unsaturated aromatic heterocyclic radical such as quinolyl, dihydroisoxazolyl, furanyl, 
imidazolyl, pyridyl, phthalimido, thienyl and the like. 

The term "alkaryl" refers to an aryl group substituted with one or more alkyl groups. 

The term "aralkyl" refers to an alkyl group substituted with one or more aryl groups. 

The term "alkanediyl" refers to a straight or branched saturated divalent hydrocarbon 
25 radical having the number of carbon atoms indicated. 
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The terms "alkenediyl" and "alkynediyl" refer to straight or branched.unsaturated 
divalent hydrocarbon radicals. An "alkenediyl" is characterized by a carbon-carbon double 
bond and an "alkynediyl" is characterized by a carbon-carbon triple bond. 

The term "cycloalkanediyl" refers to a cyclic saturated divalent hydrocarbon radical 
5 having the number of carbon atoms indicated. 

The terms "cycloalkenediyl" and "cycloalkynediyl" refer to cyclic unsaturated 
divalent hydrocarbon radicals. A "cycloalkenediyl" is characterized by a carbon-carbon 
double bond and a "cycloalkynediyl" is characterized by a carbon-carbon triple bond. 

The term "arylenediyl" refers to a divalent unsaturated aromatic carbocyclic radical 
10 having one or two rings. The term "alkarylenediyl" refers to an arylenediyl substituted with 
one or more alkyl groups and the term "aralkylenediyl" refers to an alkylenediyl" substituted 
with one or more aryl groups. 

The term "peptide bond" is used in its common accepted meaning. 

The term "hydrolytically-labile bond" refers to a bond that is capable of undergoing 
15 hydrolysis, such as an ester, amide, acetal, or hydrazone bond. Preferably, the hydrolytically- 
labile bond is labile under acid conditions. 

The term "halo" refers to chloro, bromo, iodo and fluoro atoms. 

The term "saccharide" is used in its common accepted meaning. The terms 
"polysaccharide" and "oligosaccharide" refer to carbohydrate molecules containing more 
20 than one saccharide unit. 

The term "activating/protecting group" refers to a group in a multifunctional 
compound which may temporarily activate or temporarily block a reactive site wherein a 
chemical reaction is to be carried out selectively at a reactive site. The reactive site may be 
other than the site occupied by the "activating/protecting group." The activating/protecting 
25 groups referred to, in the context of the present invention, are those commonly known 
activating/protecting groups including, but not limited to, activating groups such as N- 
succinimidyl, pentachlorophenyl, pentafluorophenyl, para-nitrophenyl, dinitrophenyl, N- 
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phthalimido, N-norbomyl, cyanomethyl, pyridyl, trichlorotriazine, 5-cMoroquinilino, and 
protecting groups such as N-(9-fluorenylmethoxycarbonyl) (Fmoc), carbobenzyloxy (Cbz), 1- 
(4,4-dimethyl-2,6-dioxocyclohexyIidene)ethyl (Dde) and imidazolyl. 

The term "prepolymer" refers to a reactant used to make a polymer, that is, to 
monomers and other subunits from which polymers may be formed. 

The term "therapeutically effective amount" refers to the amount which, when 
administered to a patient for treating a disease, is sufficient to effect such treatment for the 
disease. 

The term "treating" or "treatment" is intended to include inhibiting the disease (i.e., 
arresting its development) and relieving the disease (i.e., causing regression of the disease). 

I. The Degradable Polymers 

The novel degradable polymers are represented by Formula (I) 




(l) 



wherein R and R 1 are selected from the group consisting of hydrogen, C M8 alkyl, C 2 - 
is alkenyl, C 2 _ 18 alkynyl, C 6 .t 8 aryl, C 7 -i 8 alkaryl and C 7 „i 8 aralkyi groups; 

X is a group capable of being covalently conjugated to a bioactive agent via a peptidic 
or a hydrolytically-labile bond; 

Y is a group selected from the group consisting of d-200 alkanediyl, C2-200 alkenediyl, 
C2-200 alkynediyl, C 6 -2oo cycloalkanediyl, C^oo cycloalkenediyl, C^oo 
cycloalkynediyl, C 6 - 2 oo arylenediyl, C 6 . 2 oo alkarylenediyl, C6-200 aralkylenediyl groups, 
or any of the above groups wherein the carbon backbone is substituted with one or 
more oxygen atoms within the carbon backbone; and 

n is an integer of 2-10,000. 
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L Presently Preferred Embodiments 

In a preferred embodiment, R and R 1 in Formula (I) are the same and are selected 
from hydrogen, Q-12 alkyl, C2-12 alkenyl, C 2 -i2 alkynyl, C 6 -i 2 aryl, C7-12 alkaryl and C7.12 
aralkyl groups; more preferably hydrogen, C M alkyl, C 2 a alkenyl, C 1A alkynyl, C 6 -io aryl, C 7 . 
5 10 alkaryl and C7.10 aralkyl groups; most preferably hydrogen, Cm alkyl, and C 2 -4 alkenyl. 

In a preferred embodiment X is a Q- 2 4 alkanediyl group, where the alkanediyl group 
is optionally substituted within the carbon backbone with one or more groups selected from 
C(0), C(0)NR l , C(0)0, >NR 2 ', wherein N is bound to two carbon atoms within the carbon 
backbone and R 2 is hydrogen, or is a group capable of displacement so that N is capable of 

1 0 linking to a bioactive agent, or is a group capable of linking to a bioactive agent, -O- and -S-, 
and the alkanediyl group may comprise a pendant group or groups selected from haloaryl, 
haloalkyl, aryl, alkaryl, aralkyl, alkoxyaryl, alkoxyalkyl, aminoalkyl, mono-, di- andtri- 
alkylaminoalkyl, arylaminoalkyl, aminoacyl, N-aryl-N-alkylaminoalkyl aminoaryl, alkoxy, 
alkenyloxy, alkynyloxy, cycloalkoxy, cycloalkenyloxy, cycloalkynyloxy, haloalkoxy, 

1 5 aralkoxy, alkoxyaryloxy, alkoxyalkoxy, aminoalkoxy, mono-, di- and trialkylaminoalkoxy, 
arylaminoalkoxy, N-aryl-N-alkylamino-alkoxy, acyloxy, acyloxyalkyl, acylaminoalkyl, 
N-diacyl-iminoalkyl groups, acylamino, alkylamino and hydroxy groups. 

In an embodiment of the invention, the alkanediyl group or the pendant group or 
groups comprises a primary, secondary, or tertiary amine group. 

20 Most preferably, X does not comprise a saccharide, oligosaccharide or 

polysaccharide. 

In the definition of X, any alkyl group or moiety is preferably Cms alkyl, any alkenyl 
group or moiety is preferably C 2 -i8 alkenyl, any alkynyl group or moiety is preferably C2-12 
alkynyl, any aryl group or moiety is preferably Ce-24 aryl, any alkaryl group or moiety is 
25 preferably C 7 - 2 4 alkaryl and any aralkyl group or moiety is preferably C7-24 aralkyl, any 

cycloalkyl group or moiety is preferably C 4 . 2 4 cycloalkyl, any cycloalkenyl group or moiety is 
preferably C5-24 cycloalkenyl, and any cycloalkynyl group or moiety is preferably C 5 - 2 4 
cycloalkynyl. 
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Most preferably X is selected from the groups (IV)-(VIII) below: 




wherein R and R are independently selected from covalent bonds or Cms alkanediyl 
groups terminating in OH or vinyl ether; 

each R 12 is independently selected from synthetic or natural amino acid side chains; 

each R 4 is independently selected from the group consisting of hydrogen, 
activating/protecting groups and the groups (IX), (X), (XI) and (XH) 




R 5 and R 6 are selected from the group consisting of -NH 2 - -NHR 13 , -OR 13 , wherein 
each R 13 is independently selected from hydrogen, Cm alkyl, and activating/protecting 
groups; and 

m is an integer of 0-20. 

Y preferably is represented by the formula -(CnH 2 nO) q CnH 2n -, wherein n is an integer 
of 2-10, preferably 2 or 3 and q is an integer of 1 to 200. 
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The molecular weight of the polymer of Formula (I) is preferably in the range of 
10,000-100,000. 

II. Preparation of the Polymer of Formula CO 
The polymer of Formula I 




(I) 



wherein R and R 1 are selected from the group consisting of hydrogen, Cms alkyl, C 2 . 
is alkenyl, C 2 -i 8 alkynyl, C^i 8 aryl, Cy-is alkaryl and C 7 -i8 aralkyl groups; 

10 X is a group capable of being covalently conjugated to a bioactive agent via a peptidic 

or a hydrolytically-labile bond; 

Y is a group selected from the group consisting of C1-200 alkanediyl, C2-200 alkenediyl, 
C2-200 alkynediyl, C6-200 cycloalkanediyl, Q^oo cycloalkenediyl, 
C6-200 cycloalkynediyl, C^oo arylenediyl, C^oo alkarylenediyl, C^oo aralkylenediyl 
15 groups, or any of the above groups wherein the carbon backbone is substituted with 

one or more oxygen atoms within the carbon backbone; and 

n is an integer of 2-10,000 

may be prepared by the reaction of a diol of Formula (IT) 

ho^ Y ^oh (II) 
2Q with a divinyl ether of Formula (III) 

wherein R, R 1 , X and Y are as defined above. 
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The diol of Formula (IT) preferably is a polyethylene glycol or polypropylene glycol 
compound having a molecular weight in the range 1 00-20,000, more preferably polyethylene 
glycol having a molecular weight in the range 200-10,000, most preferably polyethylene 
glycol having a molecular weight in the range 200-5,000, in particular a molecular weight of 
5 approximately 200-4,000. Such materials are widely available from such commercial sources 
as Sigma-Aldrich Corporation (St. Louis, MO) and Shearwater Polymers. Inc. (Huntsville, 
AL). It will be understood by one of ordinary skill in the art that the reactant of Formula (II) 
may also comprise any diol of Formula (II), such as other glycols and diols suitable for use in 
biomaterials. 

10 The divinyl ether of Formula (HI) may be obtained commercially or may be made by 

any suitable means known in the art. For example, commercially-obtained amino vinyl ether 
may be combined with methyl esters to provide the divinyl ethers of Formula (HI). Similarly, 
the hydroxy vinyl ether compound is commercially available, and may be used to make 
polyacetal polymers with ester moieties in the main chain. The methyl esters may comprise, 

15 for example, esters such as malonates, imines such as iminodiacetates, and other compounds 
known in the art. Symmetric, achiral methyl esters are preferred synthetic precursors. 

The polymerization reaction may be carried out in a solventless system, although 
preferably the reaction takes place in the presence of an organic solvent selected from 
aliphatic or aromatic hydrocarbons, which may be optionally halogenated, ethers (including 
20 cyclic ethers), dialkylsulfoxides and alcohols (preferably sterically hindered alcohols, for 
example secondary or tertiary alcohols). Preferred solvents include tetrahydrofuran (THF), 
dichloromethane, and toluene. A particularly preferred solvent is toluene. 

The polymerization is generally carried out in the presence of a suitable catalyst such 
as a catalyst for acid-catalysis, for example, hydrochloric acid, sulfuric acid, phosphoric acid, 
25 p-toluenesulfonic acid, methanesulfonic acid, acetic acid, n-butyric acid, trifluoroacetic acid, 
or oxalic acid. A preferred catalyst is p-toluene sulfonic acid (p-TSA). 

The polymerization is conducted at a temperature of -10 °C-200 °C, preferably 20 °C - 
120 °C, most preferably between about 25 °C and 60 °C. 
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I. Polyacetal Conjugates of Bioactive Agents and Their Preparation 

The functionalized polymers of the invention comprise polymers with bioactive 
functionality, and thus comprise polymers that include bioactive agents. The degradable 
polyacetal polymers of the invention comprising bioactive functionality may be formed from 
5 substrates that include bioactive agents, from polymers to which bioactive agents are 
conjugated, and from substrates that combine to form bioactive agents. 

A bioactive agent may be attached to X in Formula (I). In a particularly preferred 
embodiment, when X is (IX), (X), (XI), (XII), or >NR 2 ', wherein N is bound to two carbon 
atoms within the carbon backbone and R r is hydrogen, or is a group capable of displacement 
10 so that N is capable of linking to a bioactive agent, or is a group capable of linking to a 

bioactive agent, the N atoms of the groups >NR 2 ', (IX), (X), (XT) and (XII) are, or are capable 
of being covalently attached to the bioactive agent. 

The bioactive agent preferably is a pharmaceutical^ active agent (a "drug"). Suitable 
drugs include any drugs for which prolonged action and/or a targeted intracellular delivery is 

1 5 desirable, and include anticancer agents, for example doxorubicin, daunomycin, paclitaxel, 
taxotere, and the like, most preferably, doxorubicin. Other bioactive agents include 
polypeptides and proteins. The method of attachment may vary somewhat according to the 
bioactive agent, as is described below; and a person of ordinary skill in the art will be able, 
having selected a desired bioactive agent, using their knowledge and the disclosure of this 

20 application, to attach the bioactive agent to a degradable polyacetal polymer of this invention, 
thereby forming a conjugated polymer of this invention. 

The attachment of the bioactive agent to the polymer of Formula (I) may be effected 
by the reaction of the polymer with the bioactive agent or a bioactive agent precursor. 
Bioactive agents may be attached to the polymer in any suitable manner. Preferably the 
25 attachment is effected subsequent to the polymerization reaction to produce the degradable 
polymer of Formula (I). 

Attachment of bioactive agents may be effected in other ways as well. For example, 
attachment may be by linkages comprised of groups that covalently couple and cross-link the 
agents to the polymers. Such linkages may comprise disulfide linkages or ester bonds, or may 



WO 02/20663 



PCT/US01/27664 



-18- 

be acid-labile linkages such as hydrazone linkage as described by Greenfield et al., Cancer 
Res., 50, 6600-6607 (1990), and references therein. Alternatively, the attachment may be via 
a "protected" disulfide bond that sterically inhibits attack from thiolate ions, such as are found 
in the coupling agents S-4-succinimidyloxycarbonyl-a-methyl benzyl thiosulfate (SMBT) 
and 4-succinimidyloxycarbonyl-.alpha.-methyl-a«(2-pyridyldithio) toluene (SMPT), in the 
manner disclosed in U.S. Patent No. 6,048,736 to Kosak. 

Where the bioactive agent has an amino group, it may be useful to form a reactive 
carbonate half ester in the polymer, P, P-O-CO-X, wherein X is a good leaving group, using 
reagents such as carbonyl diimidazole, p-nitrophenyl chlorofonnate or bis-N-succinimidyl 
carbonate. The activated polymer P, P-O-CO-X, may then be reacted with the bioactive agent 
under conditions which do not destroy its activity, leading predominantly to urethane 
linkages attached through the amino group. For example, carbonyl diimidazole, can be 
reacted with terminal hydroxyl groups of the polymer. The reaction mixture may be quenched 
in aqueous solution at neutral pH and the activated polymer isolated, for example by dialysis 
or size exclusion chromatography, as disclosed in U.S. Patent No. 5, 468,478 to Saifer et al. 

Attachment (conjugation) of bioactive agents may be effected by reaction with 
polymers or monomers with electrophilic functionality. For example, prepolymers 
comprising electrophilic pendant chain functionalized monomers which comprise, for 
example, diols or bis-vinyl ethers, may be used for this purpose. 

The following reaction scheme illustrates one route to the production of a polymer- 
doxorubicin drug conjugate: 
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Scheme 2 



In this scheme, PEG is the residue of a polyethylene glycol (without the terminal 
hydroxy groups), the terminal OH groups of the polyethylene glycol being explicitly shown 
when the entire glycol is meant 

5 Bioactive agents that may be attached (conjugated) to the polyacetal polymers of the 

invention include polypeptides and proteins. Such conjugation may be effected at pendant 
chains and at terminal groups. For example, conjugated polyacetal polymers of the invention 
include proteins conjugated with a degradable polyacetal polymer. 

I. Administration and Pharmaceutical Composition 

1 0 Compositions comprising the degradable polyacetal polymers, with or without 

attached bioactive agents, are water-soluble or colloidal suspension compositions suitable for 
incorporation into pharmaceutical solutions or pharmaceutical compositions, or for delivery 
to an animal or patient for treatment. For example, polyacetal polymers of the invention are 
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soluble in water and water solutions, such as saline, phosphate buffered saline (PBS), and 
other buffered solutions. The polyacetal polymers are soluble in solutions of widely varying 
pH. 

In general, degradable polyacetal polymer compositions will be administered in 
5 therapeutically effective amounts by any of the usual modes known in the art. Degradable 
polyacetal polymers with attached bioactive agents may be directly delivered to solutions 
bathing cells, tissues or organs in vitro . Pharmaceutical compositions comprising bioactive 
agents attached to degradable polyacetal polymers may be administered to an animal, 
including a human, by one of the following routes: oral, topical, systemic (e.g. transdermal, 

1 0 intranasal, or by suppository), or parenteral (e.g. intramuscular, subcutaneous, or intravenous 
injection). Compositions may take the form of tablets, pills, capsules, semisolids, powders, 
sustained release formulations, solutions, suspensions, elixirs, aerosols, or any other 
appropriate compositions; and comprise a bioactive agent attached to a degradable polyacetal 
polymer of the invention in combination with at least one pharmaceutically acceptable 

1 5 excipient. Suitable excipients are well known to persons of ordinary skill in the art, and they, 
and the methods of formulating the compositions, may be found in such standard references 
as Alfonso AR: Remington 's Pharmaceutical Sciences, 17th ed., Mack Publishing Company, 
Easton PA, 1985. Suitable liquid carriers, especially for injectable solutions, include water, 
aqueous saline solution, aqueous dextrose solution, and glycols. 

20 Pharmaceutical formulations comprising bioactive agents attached to degradable 

polyacetal polymers of the invention can be prepared according to any method known to the 
art for the manufacture of pharmaceuticals. Such formulations can contain sweetening agents, 
flavoring agents, coloring agents and preserving agents. Any such formulation can be 
admixed with nontoxic pharmaceutically acceptable excipients which are suitable for 

25 manufacture. 

Pharmaceutical formulations for oral administration can be formulated using 
pharmaceutically acceptable carriers well known in the art in dosages suitable for oral 
administration. Such carriers enable the pharmaceutical formulations to be formulated in unit 
dosage forms as tablets, pills, powder, dragees, capsules, liquids, lozenges, gels, syrups, 
30 slurries, suspensions, etc. suitable for ingestion by the patient. 
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Intravenous injectable compositions are comprised of a polymer-drug conjugate of the 
invention in combination with at least one pharmaceutically acceptable liquid carrier. 
Acceptable liquid carriers are non-toxic, aid administration, and do not adversely affect the 
therapeutic benefit of the polymer-drug conjugate. Such suitable carriers include, but are not 

5 limited to, water, saline, aqueous dextrose and glycols. Further, excipients and other agents 
may be included in pharmaceutical compositions along with the degradable polyacetal 
polymers and attached bioactive agents. In addition, other additives and agents, such as 
antioxidants, antiseptic or antibiotic agents, buffers, stabilizers, solubilizers and other agents, 
may be added to degradable polyacetal polymer compositions of the invention. For example, 

10 dimethylsulfoxide, benzoic acid, ascorbic acid, or tocopherol may be included in 

pharmaceutical compositions comprising degradable polyacetal polymer compositions of the 
invention. Thus, injectable compositions comprising bioactive agents conjugated to 
degradable polyacetal polymers will preferably comprise water or saline solutions or 
emulsions, pharmaceutically acceptable carriers, and may further comprise buffering agents, 

1 5 such as phosphate buffer or HEPES buffer, and optionally other agents. 

hi general, the polymer-drug conjugates of the invention will be administered in 
therapeutically effective amounts via intravenous injection. A therapeutically effective 
amount may vary depending on the severity of the disease, the age and relative health of the 
subject, the potency of the conjugate used and other factors. A therapeutically effective 

20 amount may range from about 0.001 milligram per Kg (mg/Kg) body weight per day to 1 00 
mgfl£g body weight per day. Preferably the amount will be about 0.1 to 10 mg/Kg/day. 
Therefore, a therapeutically effective amount for a 70 Kg patient may range from about 0.07 
to 7000 mg/day, preferably about 7 to 700 mg/day. A person of ordinary skill in the art of 
treating diseases such as cancer will, without undue experimentation, having regard to that 

25 skill and this disclosure, be able to determine a therapeutically effective amount of a 

particular bioactive agent attached to a degradable polyacetal polymer for practice of this 
invention. 



30 



The degradable polyacetal polymers of the invention, with or without attached 
bioactive agents, may be dried or lyophilized and stored in that condition for a considerable 
length of time without significant degradation or decomposition. Such dried or lyophilized 
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compositions may be reconstituted for use, e.g., for injection, at a convenient time after 
storage by addition of an appropriate amount of a suitable liquid, preferably a buffered water 
solution, such as saline. An appropriate amount is that amount sufficient to provide the 
desired volume so as to result in a solution of the desired final concentration. 

Excipients useful for preparation of lyophilized or freeze-dried compositions include 
saccharides, amino acids, and salts such as inorganic salts. Saccharides may be, for example, 
monosaccharides, such as glucose and fructose, disaccharides such as maltose, lactose, and 
sucrose, polysaccharides such as dextran and starch, and sugar alcohols, such as mannitol 
sorbitol and glycerol. Amino acids may include, for example, glycine, and salts may include, 
for example, sodium chloride and potassium chloride. Such excipients maybe used alone or 
in combination, and may be useful for inhibiting aggregation in the reconstituted polymer 
solution. 

The amount of a polymer-drug conjugate of the invention in the composition may 
vary. In general, the final composition will comprise from about 0.001% w/w to 30 % w/w of 
the polymer-drug conjugate, preferably about 0.01 % w/w to 10% w/w, more preferably 
about 0. 1 % w/w to 5 % w/w with the remainder being the carrier or carriers. 

I. Pharmacology and Utility 

Degradable polymers are useful in a wide variety of pharmaceutical and biomedical 
applications. Uses for degradable polymers include coatings for drug tablets, contact lens 
coatings, coatings for surgical implants and medical devices, gels, as ingredients in topical 
and optical pharmaceutical solutions, in pharmaceutical formulations including delayed 
release pharmaceutical formulations and in targeted drug formulations. Conjugation of 
bioactive agents, such as anticancer drugs, with degradable polymers helps to enhance the 
efficacy of the bioactive agent. 

Degradable polyacetal polymers of the invention are suitable for use in 
pharmaceutical and biomedical applications with superior properties compared to prior 
materials. The polyacetal polymers of the invention are degradable under physiological 
conditions on a time-scale suitable for effective delivery of bioactive agents in an animal. In 
addition, the biodistribution of degradable polyacetal polymers of the invention within the 
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body and bloodstream of the animal receiving the polymer is favorable for the effective 
delivery of bioactive agents for the treatment of many diseases. The polymers and bioactive 
agents remain in the bloodstream for hours, not minutes, do not preferentially go to the liver, 
but remain in circulation so as to provide for the prolonged action of the bioactive agents, and 
5 are not toxic. 

The stability of the degradable polyacetals of the invention differs in solutions of 
different pH. Degradable polyacetals of the invention are quite stable in water solutions near 
neutral pH, less so in more acidic solutions. As shown in Figure 1, polyacetal 3 (at pH 7 and 
at 37 *C) was quite stable, with little change in the molecular weight at time points ranging 
10 from 1 to 505 h (21 days). However, polyacetal 3 was less stable when dissolved at pH 5.5 at 
37 °C. As shown in Figure 2, polyacetal 3 had essentially degraded to the PEG monomelic 
units by 155 h (6.5 days). The results of three such stability experiments are shown in Figure 
3, in which the degradation of polyacetal 3 over time is shown as the percent molecular 
weight loss (Mw) at each pH value vs. time for the pH 5.5, 6.5 and 7.4. 

15 The polyacetal polymers of the invention are not toxic to cells. This is shown in 

Figure 4, which present the results of a red blood cell (SBC) lysis assay of amino polyacetal 
3. No RBC lysis was observed in this assay for polyacetal 3. Dextran was the control which 
did not display RBC lysis, while polyethylene imine) (PEI) was the control which caused 
RBC lysis. In addition, direct measurements of cell toxicity on cells in culture resulted in no 

20 measured cytotoxicity. As shown in Figure 5, the cytotoxicity of polyacetal 3 was measured 
using the B16F10 cell line. Polyacetal 3 did not display cytoxicity in this assay compared to 
polylysine which was used as a cytotoxic control. Dextran was used as a noncytotoxic 
control. 

Similar to the results shown with polyacetal polymer 3, polyacetal polymer 22 is also 
25 sensitive to pH. This is shown in Figure 6, in which are shown superimposed GPC traces of 
amino polyacetal 22 from a phosphate buffered solution at pH 7.4 and a solution where the 
pH was adjusted to pH 1-2 by addition of HC1. The polyacetal 22 completely degraded within 
minutes upon exposure at pH 1-2 to give the trace shown by the arrow labeled pH 1-2. This 
GPC trace is consistent with the molecular weight of PEG 3 ,4oo- The degradation profile of 
30 amino polyacetal 22 at pH 7.5 and pH 5.5 is shown in Figure 7, where the loss in molecular 



WO 02/20663 



PCT/US01/27664 



-24- 

weight is shown as a function of time. The degradation study shown in Figure 7 was 
conducted at 37 °C and at a concentration of 3 mg/ml of polyacetal 22; three separate samples 
were analyzed at each pH. Polyacetal 22 degrades more rapidly in the mildly acidic medium 
at pH 5.5 than in the relatively neutral physiological pH 7.4. Lysosomal pH is in the range of 
5 pH 5.0 to pH 5.5. The experimental pH value of 5.5 was selected to match the lysosomal pH, 
which would be that encountered by a physiologically soluble polymer conjugate upon 
cellular uptake by endocytosis within the lysosome. 

The in vitro biocompatibility of amino polyacetal 22 is shown in Figures 8a, 8b, and 
9. Figure 8a shows the results of red blood cell lysis experiments at 1 hour, and Figure 8b 
1 0 shows the results of red blood cell lysis experiments at 5 hours. Figure 9 shows the results of 
cytotoxicity experiments. These experiments show that polyacetal 22 is not lytic or toxic to 
these cells, and so has a favorable biocompatibility profile. 

Polyacetal polymers of the invention do not cause lysis of red blood cells. The results 
of a red blood cell (RBC) lysis assay of amino polyacetal 22 and its degradation products is 

1 5 shown over a 1 hour time period in Figure 8a. The degradation products were obtained by 
dissolving polyacetal 22 in phosphate buffered saline (PBS), adjusting the pH to 1-2 by the 
addition of HC1 to allow the polyacetal to degrade, then adding a small amount of NaOH to 
readjust the pH to 7.4. No RBC lysis was observed in this assay for polyacetal 22. Dextran 
was used as a control; it did not display RBC lysis. Poly(ethylene inline) (PEI) was also used 

20 as a control; it caused RBC lysis. Similarly, in Figure 8b, the results of a red blood cell lysis 
assay of amino polyacetal 22 and its degradation products are shown over a 5 hour time 
period. No RBC lysis was observed in this assay for polyacetal 22. Dextran and poly(ethylene 
imine) (PEI) were used as control compounds again: dextran did not display RBC lysis, while 
PEI did cause RBC lysis. Thus, the results shown in Figures 8a and 8b demonstrate that the 

25 polyacetal polymer of the invention, polyacetal 22j was not lytic for red blood cells for up to 
five hours. 

In addition, polyacetal polymers of the invention are not cytotoxic. A cytotoxicity 
assay of amine pendant chain polyacetal 22 using B16F10 cell line is shown in Figure 9. As 
shown in Figure 9, polylysine is cytotoxic at concentrations well below 0.1 mg/ml. However, 
30 polyacetal 22 did not display cytoxicity in this assay at concentrations of up to several mg/ml, 
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and thus is extremely well tolerated by these cells as compared to the cytotoxic control 
compound, polylysine. Dextran, used as a noncytotoxic control, was also found not to be 
cytotoxic even at relatively high concentrations. 

Polyacetals of the invention remain in circulation in the blood with relatively little 
5 loss from the blood circulation to the organs. 125 I labeled polyacetal polymers of the 

invention may be formed using Bolton-Hunter methods, as shown in Figures 10 and 1 1 and 
described in Example 7. In the body distribution study shown in Figure 12, polyacetal 23 was 
predominantly in the blood, at both at 5 min and at 1 hour after a<nninistration. The continued 
presence of polyacetal 23 in the blood in significant amounts at one hour is a surprising and 
1 0 favorable property of the polyacetal of the invention. This study shows that polyacetal 23 
remains in the blood without accumulating in the organs shown. In particular, and in contrast 
to many previously-known polymers, the polyacetal of the invention is not significantly taken 
up by the liver but remains substantially in circulation in the blood for an hour. Thus, the 
polyacetal of the invention possesses the favorable properties of long-duration presence in the 
1 5 blood, of very little removal from circulation by the organs, and, since very little of the 
polyacetal is lost to the liver, relatively little degradation by the liver. 

Functionalized polymers of the invention, such as may be formed by synthesis from 
functionalized precursors or by attachment of bioactive agents, such as anticancer drugs, to 
degradable polyacetal polymers of the invention may be effective to enhance the efficacy of 

20 the bioactive agent. As shown in Figure 12, polyacetal polymers remain in circulation with 
relatively little removal or loss from the blood on a timescale of hours, a property which 
enhances the effectiveness of anticancer drugs attached to degradable polyacetal polymers of 
the invention. Higher dosages of the anticancer drugs, which are more effective in treating the 
cancerous tissue than lower dosages, are tolerated by animals when anticancer drugs are 

25 attached to degradable polyacetal polymers of the invention. 

I. Prepolymers of Formula (XIH) 

The prepolymers are novel divinylethers represented by Formula (XHI) 



(Xlli) 
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wherein R and R 8 are selected from the same groups as R and R 1 , Z is a C1-24 
alkanediyl group, optionally substituted within the carbon backbone with one or more 
or a mixture of the groups selected from carbonyl, peptide, ester, >NR 2 ', wherein N is 
bound to two carbon atoms within the carbon backbone and R 2 is hydrogen, or is a 
group capable of displacement so that N is capable of linking to a bioactive agent, or 
is a group capable of linking to a bioactive agent, -O- and -S-, and the alkanediyl 
group comprises a pendant group R 9 , wherein R 9 , is selected from haloaryl, haloalkyl, 
aryl, alkaryl, aralkyl, alkoxyaryl, alkoxyalkyl, aminoalkyl, mono-, di- and tri- 
alkylaminoalkyl, arylaminoalkyl, aminoacyl, N-aryl-N-alkylaminoalkyl aminoaryl, 
alkoxy, alkenyloxy, alkynyloxy, cycloalkoxy, cycloalkenyloxy, cycloalkynyloxy, 
haloalkoxy, aralkoxy, alkoxyaryloxy, alkoxyalkoxy, aminoalkoxy, mono-, di- and 
trialkylaminoalkoxy, arylaminoalkoxy, N-aryl-N-alkylamino-alkoxy, acyloxy, 
acyloxyalkyl, acylaminoalkyl, N-diacyl-iminoalkyl groups, acylamino, alkylamino 
and hydroxy groups. 

In a preferred embodiment, R 9 contains at least one activating/protecting group. 

In the definition of Z, any alkyl group or moiety is preferably Cms alkyl, any alkenyl 
group or moiety is preferably C 2 -i 8 alkenyl, any alkynyl group or moiety is preferably C2-12 
alkynyl, any aryl group or moiety is preferably Ce>-24 aryl, any alkaryl group or moiety is 
preferably C7.24 alkaryl and any aralkyl group or moiety is preferably C7-24 aralkyl, any 
cycloalkyl group or moiety is preferably C4-24 cycloalkyl, any cycloalkenyl group or moiety is 
preferably C5-24 cycloalkenyl, and any cycloalkynyl group or moiety is preferably C5-24 
cycloalkynyl. Symmetric achiral methyl esters are preferred synthetic precursors. 

Preferably Z has a structure (XIV), (XV), (XVI), (XVII) and (XVIII), below: 
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wherein R 10 and R n are selected from covalent bonds, and Ci-e alkanediyl groups; 
R 9 is as defined above, 

R 12 are selected from synthetic or natural amino acid side chains; and 
p is an integer of 0-20. 

Prepolymers as disclosed herein may be formed by any suitable method, including 
such methods as are disclosed in the Examples, such as Examples 3, 4 and 5 following. 

A process for the preparation of a prepolymer of Formula (XIH) may comprise the 
following steps. To prepare a prepolymer of Formula (Xm): 



** (XIII) 



10 wherein R 7 and R 8 are selected from the group consisting of hydrogen, Cum alkyl, C 2 -i 8 
alkenyl, Cms alkynyl, C^s a aryl, C 7 -i8 alkaryl and C 7 -i 8 aralkyl groups; 

Z is a Ci-24 alkanediyl group, where the alkanediyl group is optionally substituted 
within the carbon backbone with one or more groups selected from C(0), C(0)NR\ C(0)0, 
>NR 2 ', wherein N is bound to two carbon atoms within the carbon backbone and R is 

15 hydrogen, oris a group capable of displacement so that N is capable of linking to abioactive 
agent, or is a group capable of linking to abioactive agent, -O- and -S-, and the alkanediyl 
group comprises a pendant group R 9 selected from haloaryl, haloalkyl, aryl, alkaryl, aralkyl, 
alkoxyaryl, alkoxyalkyl, aminoalkyl, mono-, di- and tri-alkylaminoalkyl, arylaminoalkyl, 
ammoacyl,N-aryl-N-alkylaminoalkyl aminoaryl, alkoxy, alkenyloxy, alkynyloxy, 

20 cycloalkoxy, cycloalkenyloxy, cycloalkynyloxy, haloalkoxy, aralkoxy, alkoxyaryloxy, 

alkoxyalkoxy, aminoalkoxy, mono-, di- and trialkylaminoalkoxy, arylaminoalkoxy, N-aryl- 
N-alkylamino-alkoxy, acyloxy, acyloxyalkyl, acylaminoalkyl, N-diacyl-iminoalkyl groups, 
acylamino, alkylamino and hydroxy groups; 

the steps of the process comprise: 

25 reacting a methyl ester of Formula (XTX) 
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(XIX) 

H 3 ccr "X" ^OCH 3 



with a vinylether of Formula (XX) 

H 2 N^O^ (XX) 
or Formula (XXI) 

Hc/S)^ (XXI) 

wherein X comprises a group capable of being covalently conjugated to a bioactive agent via 
a peptidic or a hydrolytically-labile bond, and Y is a group selected from the group consisting 
of linear and branched C U2 qo alkanediyl, C 2 . 2 oo alkenediyl, C 2 - 2 oo alkynediyl, Q^oo 
cycloalkanediyl, C 6 . 2 oo cycloalkenediyl, C 6 . 2 oo cycloalkynediyl, C6- 2 oo arylenediyl, C 7 . 2 oo 
alkarylenediyl, C7.400. aralkylenediyl groups, or any of the above groups wherein the carbon 
backbone is substituted with one or more oxygen atoms within the carbon backbone. 

In a preferred embodiment of the method of preparing a prepolymer of Formula (XIII) 
, R 9 contains at least one activating/protecting group. 

These prepolymers are particularly useful for the preparation of the polymers of 
Formula (I) by methods known in the art and as illustrated in the Examples. Functionalized 
prepolymers, such as prepolymers functionalized with bioactive agents or precursors to 
bioactive agents, are useful for the preparation of polymers of formula comprising bioactive 
agents. The following structures represent some particularly preferred prepolymers of the 
present invention. 
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NHFtnoc 




NHFmoc 




Scheme 1 
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10 



15 



EXAMPLES 
General 

The degradable polymers of the present invention may be prepared by the reaction of 
polyethylene glycol) (PEG) as the source of diol (PEG's with molecular weights of 3,400 
g/mol were used) and commercially available triethylene glycol di-vinyl ether. PEG is 
selected as the diol because it is generally recognized as safe (GRAS) by drug regulatory 
authorities and is widely used in pharmaceutical formulation. However, it will be appreciated 
by those of ordinary skill in the art that other diols, including PEGs of lower or higher 
molecular weight, are also suitable for the practice of the invention. The use of the 
unfunctionalized divinyl ether, triethylene glycol di-vinyl ether, in the preliminary 
experiments was conducted to confirm a suitable degradation profile (needed for lysosomal 
degradation) and to confirm in vitro biocompatibility. It will be understood by one of 
ordinary skill in the art that degradable polyacetal polymers of the invention may also be 
prepared from functionalized starting materials. For example, functionalized vinyl ethers, 
particularly fimctionalized divinyl ethers, may be used as starting materials in the preparation 
of the degradable polyacetal polymers of the invention. Each following experimental example 
is preceded by a scheme summarizing the reaction involved. In each case m is an integer 
representing a PEG molecule of the identified molecular weight Mn. 

Example 1. Synthesis of polyacetal 3 by polymerization in toluene 



3 

Polyethylene glycol) (Mn = 3,400 g/mol, 17.0 g, 5.0 mmol, 1.0 eq), para- 
toluenesulfonic acid monohydrate (0.03 g, 0. 15 mmol, 0.03 eq) and toluene (60 ml) were 





pTSA (cat)/toluene 




n 
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added to a 100 ml round bottom flask which was equipped with a stirring bar and fitted with a 
thermometer, Dean Stark trap and condenser. An azeotropic distillation of the stirred toluene 
solution (oil bath, T=150 °C) under nitrogen proceeded for two hours. The solution was then 
allowed to cool to - 50 °C and tri(ethylene glycol) divinyl ether (1.073 g, 1.083 ml, 5.2 
5 mmol, 1 .04 eq) was added by syringe. Within one minute the reaction mixture became visibly 
more viscous and after 15 minutes the viscosity appeared to be very high. Toluene (30.0 ml) 
was added to decrease the viscosity and the clear colorless reaction mixture was stirred a 
further 2 hours at ambient temperature. Aqueous NaHC0 3 (8.0%, 2.0 ml) was added to the 
reaction mixture which was then rapidly stirred for 15 minutes. The aqueous phase was 

1 0 allowed to settle and the toluene phase was carefully decanted into stirred hexane (200 ml) to 
precipitate the polyacetal. After stirring in the hexane for an additional 10 minutes the 
polyacetal was collected and placed into a fresh solution of hexane and stirred for a further 10 
minutes. The polyacetal was again collected and then dried in vacuum at 50 °C for 4 hours to 
give a white fluffy solid. The molecular weight was determined to be Mw=42,806 g/mol, 

1 5 Mn=26760 g/mol; polydispersity-1 .60 by GPC. The GPC was calibrated with PEG standards; 
56,000, 23,500 and 5598 g/mol. 

Example 2. Synthesis of polyacetal 3 by polymerization in THF 

A suspension of PEG3400 (1.041 g, 0.306 mmol) and para-toluenesulfonic acid (25 
mg) in toluene (50 ml) was heated to reflux; the flask was fitted with a Dean and Stark trap 

20 and a balloon of argon was fitted to the condenser. After 150 min most of the toluene was 
distilled off. To the residue was added the divinyl ether (0.306 mmol, 1.0 eq) in freshly 
distilled THF (10 ml). The mixture was stirred at room temperature under argon for 16h. 
Triethylamine (0.2 ml) was added and the mixture was stirred for 5 minutes. The mixture was 
poured into hexane (300 ml) with rapid stirring, after 5 min the hexane was decanted off and 

25 the residue was washed with further hexane (200 ml) for 30 minutes. The polymer was 
filtered off. 

This same procedure was used for polymerizations conducted in dichloromethane. 
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Example 3. Synthesis of bis-vinyl ethers useful for preparing polyacetals 

The vinyl ethers were made from methyl esters using the commercially available 
amino vinyl ether. This avoided the use of heavy metals to make the vinyl ether moiety. 



XX 




4 5 



A solution of 3-amino-l-propanol vinyl ether 5 (0.27 mmol, 2.2 eq) and dimethyl 
malonate 4 (0. 12 mmol, 1 eq) in dichloromethane (5.0 ml) was stirred at ambient 
temperature for 3 days. The reaction mixture was diluted with dichloromethane (50 ml) and 
washed with water (2 x 35 ml), cone. NaCl solution (35 ml) and dried over MgS04. The 
1 0 solvent was evaporated to give a semi-solid residue which was triturated with ether-hexane 
(1 : 1) to give the bis vinyl ether 6. 

Example 4. Synthesis of bis-vinyl ethers useful for preparing polyacetals with 
functionality to conjugate bioactive compounds 

h 3 ccA^ ni ^och 3 + ^</N/\h 2 - 



NH 

5 8 



A saturated aqueous Na 2 C03 solution (20 ml) of dimethyl iminodiacetate 7 (10 mmol, 
1.0 eq) and 3-amino-l-propanol vinyl ether 5 (40 mmol, 4.0 eq) was stirred for 1 h at 90 °C. 
The solution was cooled and extracted three times with ethyl acetate (80 ml each time). The 
organic layer was washed with brine, dried over MgSC>4, and rotoevaporated to give the bis- 
20 vinyl ether 8 as a white crystalline solid. 

The bis-vinyl ether 8 was then allowed to react with various acylating agents (e.g. 
Fmoc protected glycine N-hydroxysuccinimde ester and benzyl chloroformate) to protect 
(block) the amino functionality in 8 prior to polymerization. The protecting (blocking) group 
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is important because it allows polymerization to proceed without competitive side reactions 
with the conjugating functionality. After polymerization it must be removed without causing 
degradation of the polyacetal. This strategy is illustrated in Example 5 for the preparation and 
polymerization of glutamic acid derived bis-vinyl ether 11 and the subsequent deprotection of 
5 the polyacetal. 

Example 5. Synthesis of bis-vinyl ethers useful for preparing poiyacetals with a 
protected primary amine functionality (9-»ll). Preparation of a amino pendant chain 
functionalized polyacetal using a pendant chain functionalized bis-vinyl ether monomer 
(!1->13) 

1 0 Synthesis of Fmoc-glutamyl chloride 10 (9->10) 

HO^y^OH ^ cA/Y^ ~ * ^(/N^j^^Nlf^cA 

NHFmoc NHFinoc NHFmoc 

9 10 11 

To a suspension of Fmoc-glutamic acid 9 (3.13g, 8.5 mmol) in anhydrous CH 2 C1 2 (50 ml) 

was added oxalyl chloride (5.0g, 39 mmol). The mixture was cooled to 0 °C and DMF (2 
drops) was added. The mixture was stirred at 0 °C for 1 h then at ambient temperature for 1 h 
1 5 under argon atmosphere. Freshly distilled THF (6.0 ml) was added and the mixture was 

stirred at room temperature for 1 h under argon. Hexane (400 ml) was added and the mixture 
stirred at ambient temperature for 30 minutes. The hexane was decanted off and the residue 
recrystallized from CH 2 Cl 2 /hexane to give 10 as white crystals (1 .41 g). 

Synthesis of Fmoc glutamic acid divinyl ether 11 (10->11) 

20 To the bis-acid chloride 10 (1 .41 g, 3.47 mmol) in anhydrous CH 2 C1 2 (25 ml) was 

added a solution of 3-aminopropyl vinyl ether 5 (701 mg, 6.94 mmol) and NaHC0 3 in water 
(10 ml) dropwise over 5 min with vigorous stirring at 0 °C. The mixture was stirred at 0 °C 
for 10 min then at ambient temperature for 1 hour. The mixture was diluted with CH 2 C1 2 (200 
ml) then washed with 2% aqueous NaHC0 3 (150 ml), brine (150 ml) and then dried with 

25 MgS0 4 . Evaporation gave a pale brown solid which was recrystallized from 
isopropanol/hexane to yield the divinyl ether 11 as an off white solid (910 mg). 
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Synthesis of amino-functionalized bis-vinyl ether monomer 13 (11— >13) 




A suspension of PEG3400 1 (1.041 g, 0.306 mmol) and g-toluene sulfonic acid (25 mg) 
in toluene (50 ml) was heated to reflux in a round bottom flask fitted with a Dean and Stark 
5 trap to collect the water. After no further increase in water collection was observed, most of 
the toluene was distilled from the round bottom flask. To the residue was added the divinyl 
ether 11 (164 mg, 0.306 mmol) in freshly distilled (sodium-benzophenone) THF (10 ml). The 
mixture was stirred at room temperature under argon for 16 h. Triethylamine (0.2 ml) was 
added and the mixture was stirred for 5 minutes. The mixture was poured into hexane (300 

1 0 ml) with rapid stirring to precipitate the polyacetal 12. After 5 min the hexane was decanted 
off and the polyacetal 12 was stirred with fresh hexane (200 ml) for 30 min. The polyacetal 
12 was filtered, collected and dried in vacuum. The weight average molecular weight as 
determined by GPC (eluent: water, 1 ml/min; PEG standards) was 14300 g/mol. The Fmoc 
group was removed by dissolving the polymer into an dichloromethane (7% weight percent) 

15 followed by the addition of morpholine and the reaction stirred for 15 min at ambient 

temperature. The amino functionalized polyacetal 13 was precipitated into a stirred solution 
ofhexane(200ml). 

Example 6. Synthesis of a symmetric, achiral bis-vinyl ether 16 with a protected 
primary amine useful for preparing polyacetals with functionality to conjugate bioactive 
20 compounds 
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A solution of Cbz-gly-NHS (0.75 g, 2.5 mmol), dimethyl aminomalonate 
hydrochloride 14 (0.45 g, 2.5 nimol) and triethylamine (0.375 ml) in dichloromethane (5 ml) 
5 was stirred in a 25 ml single neck round bottomed flask at ambient temperature for 12 hours. 
A white precipitate assumed to be triethylamine hydrochloride was evident. The reaction 
mixture was diluted in dichloromethane (80 ml) and transferred to a separatory funnel, and 
washed with water and brine. The organic layer was dried over MgS0 4 filtered and the 
solvent removed by rotoevaporation to give the amino acid dimethylmalonate 15 as white 
1 0 solid (83%). Synthesis of bis- vinyl ether 16 was completed in dichloromethane by the same 
process as for the preparation of bis-vinyl ether 8 (Example 4). 

Example 7. Preparation and in vitro biocompatibility evaluation of a pendant chain 
functionalized polyacetal 22. 

This example describes the preparation of a pendant chain functionalized polyacetal. 
1 5 This polyacetal 22 was prepared by a terpolymerization process using a suitably 

functionalized diol monomer 20 for the incorporation of the pendant chain functionality onto 
the polyacetal. A radiolabel agent was then conjugated to polyacetal 22 to give the labelled 
conjugate 23 which was used in an in vivo biodistribution study. An in vitro degradation 
study is also described for polyacetal 22 in this example. 

20 Synthesis of a diol 20 that is functionalized to provide the pendant chain in the final 
polyacetal 
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HO "OH HO-^^y-^-OH 

NH 2 * ^jj 

19 20 \Jk^ 



To a rapidly stirred solution of amino diol 19 (1.0 g, 10.0 mmol) and NaOH (1 M, 25 
ml) that was cooled to 0-2 °C with a water ice bath was slowly added a dichloromethane (10 
ml) solution of Fmoc-chloride (3.4 g, 13.1 mmol, 1.2 eq) over a 1 h period. The solution was 
5 stirred a further 1 h at 0 °C then at ambient temperature for 4 h. The reaction mixture was 
transferred to a rotoevaporator and the dichloromethane was evaporated off. To the aqueous 
residue was added ethyl acetate (70 ml), the solution transferred to a separatory funnel and 
the organic layer washed with dilute aqueous HC1 solution (5 %), dilute NaHC0 3 , brine, 
dried over MgSC>4 and rotoevaporated to give a solid which was recrystallized in chloroform 
10 to give the Fmoc protected amino diol 20. 

Terpolymerization process to prepare the protected amino functionalized polyacetal 21 . This 
is a polymeric precursor to the desired amine functionalized polyacetal 22 



HO — PEG — OH 




pTSA ' 3 m ^ ^° 

21 



15 PEG 3f4 oo I (5.005 g, 1.47 mmol,* 1.0 eq) and ^-toluene sulfonic acid (0.012 g) were 

added to a 100 ml single neck round bottom flask equipped with a stir bar. This mixture was 
heated in vacuum (0.5-1 .0 torr) at a temperature of 80-90 °C (oil bath) for 3.0 h. After cooling 
the flask was purged with nitrogen and Fmoc serinol 20 (0.461 g, 1 .47 mmol 1 .0 eq) and 
freshly distilled THF (10.0 ml; distilled from sodium-benzophenone) were added to the flask. 

20 To this stirred solution was added a solution of tri(ethylene glycol) 2 (0.601 ml, 2.94 mmol, 
2.0 eq) in THF (10.0 ml). The reaction mixture was vigorously stirred at ambient temperature 
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for 2 hour, then triethylamine (0.3 ml) was added to deprotonate the p-toluene sulfonic acid. 
The reaction mixture was slowly added to a stirred solution of hexane (100 ml) to precipitate 
the polyacetal 21which was filtered, collected and dried in vacuum at ambient temperature. 
GPC analysis indicated the molecular weight was about 25,000 g/mol (eluent: phosphate 
buffer solution, 1 ml/min; 2 Waters Hydrogel Columns; PEG standards). H-MMR analysis 
confirmed the equivalent incorporation of the Fmoc-amino diol monomer 20 and PEG into 
the polyacetal 21. The removal of the Fmoc group is given below. 



21 A kj 22 



10 A solution of polyacetal 21 (2.050 g) in 20 % piperidine in dichloromethane (10 ml) 

was stirred at ambient temperature. Thin layer chromatography was used to monitor the 
reaction (eluent: ethyl acetate). The amino funcuonalized polyacetal 22 was isolated by first 
partitioning the piperidine and an unknown amount of by-products into hexane then the 
dichloromethane was evaporated. The residue was dissolved in THF then this solution added 

15 to a stirred solution of hexane (100 ml) to precipitate the desired amino polyacetal 22. GPC 
analysis indicated the polymer molecular weight to be about 23,000 g/mol (eluent: phosphate 
buffer solution 1 ml/min; 2 Waters Hydrogel Columns; PEG standards). ^-NMR analysis 
indicated the loss of the aromatic blocking group with no reduction in the acetal functionality. 

Conjugation of an electrophilic compound to polyacetal 22 



NHj 3 1 h V* r 



The Bolton-Hunter (N-succinimidyl 3-(4-hydroxy 5-[ 125 I]iodophenyl) propionate) 
method may be used to iodinate peptides which do not contain a tyrosine residue or peptides 
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whose activity is destroyed by tyrosine iodination. See, for example, A.E. Bolton et al., 
Biochem. J. y 133, :529-38, 1973. The conjugation of Bolton-Hunter radiolabel reagent to the 
amine fanctionalized polyacetal 22 gives the conjugated polyacetal 23 which is radiolabeled 
with 125 L 

5 The amino polyacetal 22 was radiolabeled using the Bolton Hunter reagent by first 

dissolving polyacetal 22 (50 mg) at 10 mg/mL in borate buffer (0.1 M) at pH 8.5 by the 
addition of a small amount of NaOH. To this stirred solution was added a solution of the 
Bolton Hunter reagent (500 nCi) in benzene with 2% v/v DMF. The reaction mixture was 
stirred for 15 minutes at ambient temperature and a small aliquot removed (10 jil) as an 

1 0 archive sample and to determine labeling efficiency. The remaining reaction mixture was 
diluted with phosphate buffer solution (PBS) to 10 ml, transferred to dialysis tubing 
(molecular mass cut-off 1000 g/mol) and dialyzed against water (5.0 1) until no radioactivity 
was found in the dialysate. The water was changed twice daily over a three day period. 
Following dialysis the quantity of free iodide [ 125 I] remaining in the preparation was 

1 5 determined by paper electrophoresis and the 10 ml solution containing the radiolabeled 
polyacetal 23 was transferred to a vial and stored at -18 °C. 



The labeling efficiency as determined by paper electrophoresis is shown in Figures 5 
(crude product) and 6 (purified product 23). The body distribution in the rat of the 
radiolabeled polyacetal 22 is shown in Figure 7. 
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What is claimed is: 

1 . A polymer represented by Formula (T), 




(0 



5 

wherein 

R and R 1 are independently selected from the group consisting of hydrogen, Cm 8 alkyl, C 2 _i8 

alkenyl, C 2 .is alkynyl, C^ig aryl, C 7 -i8 alkaryl and C7-18 aralkyl groups; 

X is a group capable of being covalently conjugated to a bioactive agent via a peptidic or a 

1 0 hydrolytically-labile bond; 

Y is a group selected from the group consisting of C1-200 alkanediyl, C 2 »2oo alkenediyl, C2-200 
alkynediyl, C6-200 cycloalkanediyl, C^oo cycloalkenediyl, C6-200 cycloalkynediyl, C^oo 
arylenediyl, C7-200 alkarylenediyl, C7-200. aralkylenediyl groups, or any of the above groups 
wherein the carbon backbone is substituted with one or more oxygen atoms within the carbon 

15 backbone; and 

n is an integer of 2 to 1 0,000. 

2. The polymer of Claim 1 wherein R and R 1 are the same and are selected from 
hydrogen, Cm alkyl, and C 2 ^ alkenyl. 

3. The polymer of Claim 1 wherein X is a C1-24 alkanediyl group, optionally 
20 substituted within the carbon backbone with one or more groups selected from C(O), 

C^NR 1 , C(0)0, >NR 2 ', wherein N is bound to two carbon atoms within the carbon 
backbone and R 2 is hydrogen, or is a group capable of displacement so that N is capable of 
linking to a bioactive agent, or is a group capable of linking to a bioactive agent, -O- and -S-, 
and the alkanediyl group may comprise a pendant group or groups selected from haloaryl, 
25 haloalkyl, aryl, alkaryl, aralkyl, alkoxyaryl, alkoxyalkyl, aminoalkyl, mono-, di- and tri- 
alkylaminoalkyl, arylaminoalkyl, aminoacyl, N-aryl-N-alkylaminoalkyl aminoaryl, alkoxy, 
alkenyloxy, alkynyloxy, cycloalkoxy, cycloalkenyloxy, cycloalkynyloxy, haloalkoxy, 
aralkoxy, alkoxyaryloxy, alkoxyalkoxy, aminoalkoxy, mono-, di- and trialkylaminoalkoxy, 
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arylaminoalkoxy, N-aryl-N-alkylamino-alkoxy, acyloxy, acyloxyalkyl, acylaminoalkyl, N- 
diacyl-iminoalkyl groups, acylamino, alkylamino and hydroxy groups. 

4. The polymer of claim 3, wherein the alkanediyl group or a pendant group 
comprises a primary, secondary, or tertiary amine group. 

5 5. The polymer of Claim 1 wherein X does not comprise a saccharide, 

oligosaccharide or polysaccharide. 

6. The polymer of Claim 1 wherein X is selected from the groups (IV)-(VIII) 




wherein 

10 R 2 and R 3 are selected from covalent bonds or Cms alkanediyl groups; 
R 12 are selected from synthetic or natural amino acid side chains; 

R 4 is selected from the group consisting of hydrogen, activating/protecting groups, and the 
groups (IX), (X), (XI) and (XII), 




15 R 5 and R 6 are selected from the group consisting of -NHr -NHR 13 , -OR 14 (wherein R 13 and 
R 14 are selected from activating/protecting groups), the groups (IX), (X), (XI) and (XH)> and 
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10 



15 



R, wherein R has the same definitions given in Claim 1, and each group may be the same or 

different; and 

m is an integer of 0 - 20. 



oligosaccharide or polysaccharide, and is covalently attached to an activating/protecting 
group. 

8. A polymer-drug conjugate comprising a polymer of Formula (I) 



wherein 

R and R 1 are independently selected from the group consisting of hydrogen, Cms alkyl, C 2 -i8 

alkenyl, C 2 -is alkynyl, Ce-is aryl, C 7 -i 8 alkaryl and C7-18 aralkyl groups; 

X is covalently conjugated to a drug via a peptidic or a hydrolytically-labile bond; 

Y is a group selected from the group consisting of C1-200 alkanediyl, C2-200 alkenediyl, C2-200 

alkynediyl, C 6 -2oo cycloalkanediyl, C^oo cycloalkenediyl, C6-200 cycloalkynediyl, C 6 -200 

arylenediyl, C7.200 alkarylenediyl, C7-200. aralkylenediyl groups, or any of the above groups 

wherein the carbon backbone is substituted with one or more oxygen atoms within the carbon 

backbone; and 

n is an integer of 2 - 10,000. 

9. The polymer-drug conjugate of Claim 8 wherein the drug is an anti-cancer 
agent selected from a group consisting of doxorubicin, daunomycin, paclitaxel, and taxotere. 



The polymer of Claim 6 wherein X does not comprise a saccharide, 




10. 



The polymer-drug conjugate of Claim 9 wherein the drug is doxorubicin. 
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11. A process for the preparation of a polymer of Formula (I) 

(l) 



R R 1 
CHT CHj° 



n 



wherein 

5 R and R l are independently selected from the group consisting of hydrogen, C\-n alkyl, C 2 -i8 
alkenyl, C 2 -is alkynyl, Ce-\s aryl, C 7 -is alkaryl and C7-18 aralkyl groups; 
X is a group capable of being covalently conjugated to a bioactive agent via a peptidic or a 
hydrolytically-labile bond; 

Y is a group selected from the group consisting of linear and branched C1-200 alkanediyl, C2- 
10 200 alkenediyl, C2-200 alkynediyl, C6-200 cycloalkanediyl, C6-200 cycloalkenediyl, C6-200 

cycloalkynediyl, C6-200 arylenediyl, C7-200 alkarylenediyl, C7.200. aralkylenediyl groups, or any 

of the above groups wherein the carbon backbone is substituted with one or more oxygen 

atoms within the carbon backbone; and 

n is an integer of 2-10,000, 
1 5 which process comprises reacting a diol of Formula (II) 



hKT ^OH (||) 



with a ivinyl ether of Formula (HI), 



R H % 



(in) 



wherein R, R 1 , X and Y are as defined above. 

20 12. The process of Claim 1 1 wherein Y has the formula -(CyH 2 nO) q ,QH2n-> 

wherein n is an integer of 2-10 and q is an integer of 1 to 200. 

13. The process of Claim 1 1 wherein the polymerization reaction is carried out in 
the presence of an organic solvent selected from aliphatic and aromatic hydrocarbons, which 
may be optionally halogenated, ethers (including cyclic ethers), dialkylsulfoxides, and 
25 alcohols. 
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14. The process of Claim 1 1 wherein the polymerization is carried out in the 
presence of a catalyst. 

15. The process of Claim 11 wherein the polymerization is conducted at a 
temperature of about -10 °C to 200 °C. 

16. A process for the preparation of a polymer-drug conjugate comprising a 
polymer of Formula (I) 



R R 1 

CHf CHT 



(I) 



wherein 

10 R and R 1 are independently selected from the group consisting of hydrogen, C M8 alkyl, Cms 
alkenyl, C 2 . 18 alkynyl, Cms aryl, C 7 -i 8 alkaryl and C 7 -i 8 aralkyl groups; 
X is covalently conjugated to a drug via a peptidic or a hydrolytically-labile bond; 
Y is a group selected from the group consisting of Q.200 alkanediyl, C2-200 alkenediyl, C2-200 
alkynediyl, C^oo cycloalkanediyl, C 6 . 2 oo cycloalkenediyl, C«oo cycloalkynediyl, C^oo 

15 arylenediyl, C 7 . 20 o alkarylenediyl, C 7 . 2 oo. aralkylenediyl groups, or any of the above groups 
wherein the carbon backbone is substituted with one or more oxygen atoms within the carbon 
backbone; and 

n is an integer of 2 to 10,000, 

which process comprises reacting a polymer of Formula d) wherein X is a group capable of 
20 being covalently conjugated to a drug, with the drug. 

17. The process of Claim 16 wherein the drug is an anti-cancer agent. 

18. A pharmaceutical composition comprising a polymer-drug conjugate 
comprising a polymer of Formula (I) 



25 



R R 1 
CHf CHT 



(I) 
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wherein 

R and R 1 are independently selected from the group consisting of hydrogen, Cms alkyl, C 2 -i8 
alkenyl, C 2 -i8 alkynyl, Ce-n aryl, C7-18 alkaryl and C7-18 aralkyl groups; 
X is covalently conjugated to a drug via a peptidic or a hydrolytically-labile bond; 
5 Y is a group selected from the group consisting of C1-200 alkanediyl, C2-200 alkenediyl, C2-200 
alkynediyl, C6-200 cycloalkanediyl, C^oo cycloalkenediyl, C6-200 cycloalkynediyl, C6-200 
arylenediyl, C7.200 alkarylenediyl, C7-200 aralkylenediyl groups, or any of the above groups 
wherein the carbon backbone is substituted with one or more oxygen atoms within the carbon 
backbone; and 
10 n is an integer of 2 - 10,000, 

in combination with one or more pharmaceutically acceptable carriers. 

1 9. The pharmaceutical composition of Claim 1 8 wherein the drug is an anti- 
cancer agent. 

20. Use of a polymer drug conjugate comprising a polymer of Formula (I) 



15 



(i) 



wherein 

RandR 1 are independently selected from the group consisting of hydrogen, Cms alkyl, C 2 -i8 
alkenyl, C 2 -i8 alkynyl, C 6 -ig aryl, C 7 -i 8 alkaryl and C7-18 aralkyl groups; 
20 X is covalently conjugated to an anti-cancer drug via a peptidic or a hydrolytically-labile 
bond; 

Y is a group selected from the group consisting of C1.200 alkanediyl, C2-200 alkenediyl, C2-200 
alkynediyl, C6-200 cycloalkanediyl, C6-200 cycloalkenediyl, C^oo cycloalkynediyl, C 6 - 2 oo 
arylenediyl, C7-200 alkarylenediyl, C7-200. aralkylenediyl groups, or any of the above groups 
25 wherein the carbon backbone is substituted with one or more oxygen atoms within the carbon 
backbone; and 
n is an integer of 2 - 10,000, 

in the preparation of a medicament having anti-cancer properties. 
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21. Use according to Claim 20 wherein the drug is doxorubicin. 

22. A prepolymer having the structure (XID) 



f ? f (XIII) 



wherein 

5 R 7 and R 8 are selected from the group consisting of hydrogen, Cms alkyl, Cms alkenyl, Cms 
alkynyl, Cms a aryl, C 7 -is alkaryl and C 7 -i8 aralkyl groups; 
' Z is a C,.24 alkanediyl group, where the alkanediyl group is optionally substituted within the 
carbon backbone with one or more groups selected from C(0), C(0)NR l , C(0)0, >NR 2 ', 
wherein N is bound to two carbon atoms within the carbon backbone and R 2 ' is hydrogen, or 

10 is a group capable of displacement so that N is capable of linking to abioactive agent, or is a 
group capable of linking to a bioactive agent, -O- and -S-, and the alkanediyl group 
comprises a pendant group R 9 selected from haloaryl, haloalkyl, aryl, alkaryl, aralkyl, 
alkoxyaryl, alkoxyalkyl, aminoalkyl, mono-, di- and tri-alkylaminoalkyl, arylaminoalkyl, 
ammoacyl,N-aryl-N-alkylaminoalkyl aminoaryl, alkoxy, alkenyloxy, alkynyloxy, 

15 cycloalkoxy, cycloalkenyloxy, cycloalkynyloxy, haloalkoxy, aralkoxy, alkoxyaryloxy, 

alkoxyalkoxy, aminoalkoxy, mono-, di- and trialkylaminoalkoxy, arylaminoalkoxy, N-aryl- 
N-alkylamino-alkoxy, acyloxy, acyloxyalkyl, acylanimoalkyl,N-macyl-iminoalkyl groups, 
acylamino, alkylamino and hydroxy groups. 

23. The prepolymer of claim 22, wherein R 9 contains at least one activating/ 

20 protecting group. 
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24. The prepolymer of Claim 22, wherein Z is represented by a structure selected 
from (XIV), (XV), (XVI), (XVII) and (XVHI), 




wherein 

5 R 9 is selected from haloaryl, haloalkyl, aryl, alkaryl, aralkyl, alkoxyaryl, alkoxyalkyl, 
aminoalkyl, mono-, di- and tri-alkylaminoalkyl, arylaminoalkyl, aminoacyl, N-aryl- 
N-alkylaminoalkyl aminoaryl, alkoxy, alkenyloxy, alkynyloxy, cycloalkoxy, 
cycloalkenyloxy, cycloalkynyloxy, haloalkoxy, aralkoxy, alkoxyaryloxy, alkoxyalkoxy, 
aminoalkoxy, mono-, di- and trialkylaminoalkoxy, arylaminoalkoxy, N-aryl-N-alkylamino- 
10 alkoxy, acyloxy, acyloxyalkyl, acylaminoalkyl, N-diacyl-iminoalkyl groups, acylamino, 
alkylaruino and hydroxy groups; 

R 12 is selected from a group consisting of synthetic or natural amino acid side chains; 
R 10 andR n are selected from covalent bonds or Ci-6 alkanediyl groups; and 
p is an integer of 0 - 20. 

15 25. A process for the preparation of a prepolymer of Formula (XIII) 

R 7 R 9 qB 

a,-kA ,x " ,) 

wherein 

R 7 and R 8 are selected from the group consisting of hydrogen, C M8 alkyl, C 2 .is alkenyl, C 2 -is 
alkynyl, C 6 -i8 a aryl, C 7 -i8 alkaryl and C7-18 aralkyl groups; 
20 Z is a Ci_24 alkanediyl group, where the alkanediyl group is optionally substituted within the 
carbon backbone with one or more groups selected from C(O), C^NR 1 , C(0)0, >NR 2 ', 
wherein N is bound to two carbon atoms within the carbon backbone and R 2> is hydrogen, or 
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is a group capable of displacement so tfaatN is capable of linking to abioactive agent, or is a 
group capable of linking to abioactive agent, -O- and -S-, and the alkanediyl group 
comprises a pendant group R 9 selected from haloaryl, haloalkyl, aryl, alkaryl, aralkyl, 
alkoxyaryl, alkoxyalkyl, arninoalkyl, mono-, di- and tri-alkylaminoalkyl, arylaminoalkyl, 

5 aminoacyl, N-aryl-N-alkylaminoalkyl aminoaryl, alkoxy, alkenyloxy, alkynyloxy, 
cycloalkoxy, cycloalkenyloxy, cycloalkynyloxy, haloalkoxy, aralkoxy, alkoxyaryloxy, 
alkoxyalkoxy, aminoalkoxy, mono-, di- and trialkylaminoalkoxy, arylaminoalkoxy, N-aryl- 
N-alkylamino-alkoxy, acyloxy, acyloxyalkyl, acylaminoalkyl, N-macyl-iminoalkyl groups, 
acylamino, alkylamino and hydroxy groups, wherein R 9 contains at least one 

10 activating/protecting group. 

which process comprises reacting a methyl ester of Formula (XEX), 

1 1 (XIX) 

H 3 CO^X"^OCH 3 
with a vinylether of Formula (XX) 

H 2 N^O^ (XX> 

15 or a vinylether of Formula (XXI) 



wherein 

X comprises a group capable of being covalently conjugated to a bioactive agent via a 
peptidic or a hydrolytically-labile bond, and 
20 Y is a group selected from the group consisting of linear and branched C1.200 alkanediyl, C 2 - 
200 alkenediyl, C2-200 alkynediyl, C6-200 cycloalkanediyl, C 6 -200 cycloalkenediyl, C 6 - 2 oo 
cycloalkynediyl, C 6 -2oo arylenediyl, C7-200 alkarylenediyl, C7-200. aralkylenediyl groups, or any 
of the above groups wherein the carbon backbone is substituted with one or more oxygen 
atoms within the carbon backbone. 
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